Abstract-The purpose of this paper is to present four the weather conditions [7] . algorithms to calculate the effective irradiance level, Ei and In addition to the solar irradiance, the temperature can affect temperature, T, of operation for a photovoltaic module, PVM. the output of a PVM. The average temperature for a PVM
I. INTRODUCTION
where inaccurate measurements of the PVM temperature could The environmental conditions are an important factor in the be obtained [14] . performance of any photovoltaic module, PVM. An accurate
To avoid the use of sensors and to solve the problems exmeasurement of the temperature, T and effective irradiance posed before, this paper proposes several Fixed-Point Iteration, level, Ei is needed to improve the design of PV power systems FPI, algorithms using voltage and current measurements to and maximum power point tracking, MPPT algorithms. Also, calculate T and Ei over a PVM. These algorithms can be the measured data is useful for online PV system charac-integrated with other algorithms related to MPPT (e.g. Linear terization [1] , [2] , reliability of the weather conditions and Reoriented Coordinates Method, LRCM [16] ) or to monitor meteorological data collection on a long term basis [3] . Also, the PVM performance [1] . The PVM mathematical model is with the measured data, it will be possible to determine if a PV described in the paper, and it is based on the manufacturer system is cost/effective [4] and to predict the annual energy data sheets [2] . Finally, this paper describes the algorithms production for a PVM in a specific geographic region [5] .
and compares the algorithms results to the measured results. The typical sensor used to measure the solar irradiance over a PVM is a pyranometer [6] . A pyranometer is defined as I PHOTOVOLTAIC EXPONENTIAL MODEL an instrument for measuring the solar radiation and diffuse The PVM model to be used in this paper is described in (1), sky radiation, i.e. effective irradiance, on a plane surface (2), (3) and (4) . This PVM model describes the relationship [7] . Typically, pyronometers are used in terrestrial and space of the current with respect to the voltage, effective irradiance applications [2] , [3] , [4] , [5] , [6] , [7] , [8] , [9] , [10] , [11] , level, Ei and temperature, T of operation for the PVM [17] .
[12], [13] . Usually, for a low cost pyranometer a reasonable The main advantage of the given PVM model is that for any accuracy should be ±5% and for a high cost pyranometer a photovoltaic module, it can be described in terms of the values reasonable accuracy should be ±2% [8] , [9] . Disadvantages provided by the manufacturer data sheet and the standard test with a pyranometer are that usually the price can be between conditions [17]. 300 U.S. dollars and 1,800 U.S. dollars [9] , the sensitivity may
The variables P, I and V are the photovoltaic module outchange with time and exposure to radiation [5] (2) and (3) on (1) and (4), the final relationship between P, Ei( +1)
I, V, T and Ei can be obtained.
I~Ti ( (V2,12) will remain in the same I-V curve To understand the proposed algorithms and their validity, the as the old operation point (V1, Ii); hence, it is possible to following paragraphs will explain the definition and theorems calculate T and Ei. Figure 3 shows the flowchart for Algorithm related to Fixed-Point Iteration, FPI and their relationship with 3 where the first step is to read V1, V2, '1 and '2, as an initial the PVM mathematical model. A fixed point is defined as value, Vx(1) is equal to V2 then iterate (8) and (9) Table III and Table  V show the measured and expected parameters for the four or a fast controller like a DSP. The algorithms have high accuracy (3%), working as a high cost pyranometer but without paying the high price and like an integrated thermocouple without affect the PV power system performance. Finally, these algorithms are well suited for monitoring in remote areas, especially in developed countries where not always the economic infrastructure is available.
